abstract M(atrix) theory defines light-front description of the boosted M-theory along the eleventh Mcoordinate. Rank of M(atrix) gauge group U(N) is directly related to the momentum along M-coordinate P 11 = N/R 11 or, equivalently, the number of D0-partons. Alternatively, Mtheory may be boosted to opposite direction of eleventh M-coordinate. We argue that the corresponding M(atrix) theory is described via anti-D0 partons so that M(atrix) gauge group becomes U(−N). Similarly reversed M(atrix) theory with eight superchrages are described by gauge group O(−2N) and USp(−2N). Gauge and supersymmetry anomaly cancellations require introduction of negative number of twisted sector matter multiplets. This is interpreted as 1
M(atrix) theory is the light-front description of boosted M-theory along eleventh M-coordinate. The argument that leads to the identification of D0-partons is as follows. Consider, in M-theory, a particle excitation of rest mass m:
If the excitation is boosted by P 11 = N/R along compactified eleventh M-coordinates of radius R,
is of order 1/|P 11 | and can be used as the light-cone energy.
Given that, it appears that anti D0-branes do not have any room in M(atrix) theory. However, they may not be lost completely. The fact that sign of P 11 reflects D0-parton or anti-D0-parton can be seen alternatively from the evolution kernel. For both bosonic and fermionic states, the kernel is given by
Hence, if there are N D0-branes, then the total Kaluza-Klein momentum is p 11 = N/R 11 . Positive integer-valued N implies, say, forward moving D0-branes. If we take negative integervalued N instead, it is appropriate to interpret them as anti D0-branes. Therefore, it should make every sense to extrapolate the M(atrix) theory gauge group to a large but negative rank.
How can we make sense of negative rank gauge group? In the following, we show that not only M(atrix) theory can be defined for negative rank of the M(atrix) gauge group but also does satisfy important consistency conditions. Group theoretically, it is possible to make analytic continuation of gauge group rank to negative integer values through the so-called reciprocity relations.
It is straightforward to see that the reciprocity relation is automatically satisfied for M(atrix) theory with sixteen supercharges.
The procedure is to change the sign of gauge group rank
The relations are more interesting for M(atrix) theory compactifications with N = 8 supercharges. In this case, there are certain relations which makes the reciprocity relation interesting.
In the past, classical Lie groups with negative rank and dimensions have been considered at different context.
King [4] has noted that dimensions of the irreducible representations of the classical Lie groups satisfy the following 'reciprocity relations': In the notation of Cvitanovic and Kennedy, the 'reciprocity relation' is expressed as:
which denotes compactly the operations: (1) The above observation leads to an intriguing interpretation of the heterotic and type I M(atrix) theory compactifications. Consider T 5 /Z Z 2 compactification as an example. From D0-brane parton scattering and d=6 gauge anomaly cancellation conditions, it has been found that consistent M(atrix) theory description is given by SP(2N) gauge theory with a matter content consisting of a symmetric representation and thirty-two half fundamental representations. The latter were introduced for consistency. However, these longitudinal five-branes should be made of underlying D0-branes again. When these longitudinal five-branes overlap, their dynamics is described by SO(2n) gauge theory. This should look rather strange. Given that D0-branes are truly fundamental partons, these longitudinal five-branes should also be made out of D0-brane partons as well. It should therefore be possible to describe all the M(atrix) theory in terms of a single gauge group. Seemingly mathematical reciprocity relation now provides a unified description. The total dynamics is given by SO(−2kN) × SO(2lN) M(atrix) quantum mechanics, where we take k and l to have relatively opposite sign.
This observation offers the following interpretation. Initially, we start with (l − k)N D0-branes. Take for definiteness l > k and independent of N. Then, infinite momentum limit is defined as N → ∞. We then find that the longitudinal five-branes are made of anti D0-branes rather than D0-branes. It is of course possible for longitudinal five-branes contain additional D0-branes. They are interpreted as D0-brane and anti-Do-brane 'sea parton' excitations.
Heterotic M(atrix) theory on S 1 /Z Z 2 is defined by large N limit of two-dimensional chiral gauge theory with (8,0) supersymmetry and SO(2N) gauge group. In order to cancel gauge and supersymmetry anomalies, one needs to introduce a twisted sector consisting of N F = 32 Majorana-Weyl fermions transforming as singlets under (8,0) supersymmetry and as fundamental representations under SO(2N) gauge group. The anomaly cancellation condtion reads
Clearly, the anomaly is cancelled forÑ F = −32 = −N F . What is the interpretation of negative multiplicity of twisted sector fermions? The twisted sector fermions represent massless modes of open string connecting D0-partons and D8-branes. If we boost M-theory along the Mdirection oppositely, we effective are making up anti D8-branes rather than D8-branes. The corresponding fermions are then counted as negative multiplicity from the D8-D0 string point of view.
Next, consider
Finally, consider M(atrix) theory compactified on T 9 /Z Z 2 . It has been shown that the compactification is described by (9+1)-dimensional chiral gauge theory with (1,0) supersymmmetry and gauge group SO(32). The peculiar fact that M(atrix) gauge group is independent of D0-parton number N is the result of compactifying all transverse dimensions. Had we boosted along M-direction oppositely, then from the 'reciprocity relations', we expect that the gauge group is SO(32) = USp(32) and matter multiplicities areÑ F = −N F = −32. Indeed, this is exactly what we find from M(atrix) theory. The only consistent
Extension of the theory to orbifold is straightforward. Heterotic M(atrix) theory is described by SO(2N) quantum mechanics with a symmetric representation and fundamental representation matters. If we consider SP(2N) representations then the theory makes sense for N < 0, viz. anti-zero-branes. The relevant M(atrix) theory is SP(-2N) with a symmetric representation and fundamental representations.
